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[57] ABSTRACT

A ball spline bearing assembly includes an outer, hollow
cylinder, a guide shaft which extends through the cylin-
der and a plurality of balls interposed between the
splined, opposite surfaces of the cylinder and the shaft.
The cylinder is provided with an end member formed
with a required number of connection passages at each
end, so that two adjacent guide passages defined be-
tween the splined, opposite surfaces of the cylinder and
the shaft are connected by the connection passage at
each end thereby defining an endless path along which
the balls can roll indefinitely. A tubular-shaped ball
retainer is interposed between the shaft and the cylinder
and 1s formed with a plurality of elongated windows.
The ball retainer serves to keep the balls in rolling

contact with both the cylinder and the shaft in a set of
alternate straight guide passages; however in the other
set of alternate straight guide passages they are in roll-
ing contact with either the cylinder or the shaft.

4 Claims, 10 Drawing Figures
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1
BALL SPLINE BEARING ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a spline bearing
assembly, and in particular, to a ball spline bearing as-
sembly which includes a plurality of balls interposed
between a splined shaft and a splined cylinder which 1s
fitted onto the shaft.

2. Description of the Prior Art

A ball spline bearing assembly 1s well known in the
art, and it includes a shaft provided with a plurality of
longitudinal inner grooves on its peripheral surface, a
cylinder provided with a plurality of longitudinal outer
grooves on its inner surface each opposing the corre-
sponding one of the inner grooves thereby defining a
straight passage, and a plurality of balls interposed be-
tween the shaft and the cylinder as fitted in the corre-
sponding pair of inner and outer grooves. In such a ball
spline bearing assembly, the shaft and the cylinder ro-
tate in unison at all times however the shaft and the
cylinder can move relative to each other in the longitu-
dinal direction. For such a longitudinal relative motion
to take place without limitation, the balls must be circu-
lated in endless passages. In accordance with the prior
art, a plurality of return passages are provided in the
cylinder radially outward of the corresponding
grooves. Such a structure requires the cylinder to be
thicker and is difficult to manufacture.

SUMMARY OF THE INVENTION

In accordance with the present invention, there 1s
provided a ball spline bearing assembly which includes
a shaft provided with a plurality of longitudinal inner
grooves, a cylinder provided with a plurality of longitu-
dinal outer grooves each opposite to the corresponding
one of the -inner grooves thereby defining a straight
passage, and a plurality of balls interposed between the
shaft and the cylinder, whereby the cylinder is provided
with a connecting means at each end for connecting one
of the straight passages to another thereby defining an
endless passage. In the preferred embodiment, one set of
alternate straight passages are defined as load passages
and the other set of straight passages are defined as
return passages, whereby the balls in the load passages
are in rolling contact with both the shaft and the cylin-
der and the balls in the return passages are in rolling
contact with either the shaft or the cylinder.

It is therefore a primary object of the present inven-
tion to obviate the diadvantages of the prior art as de-
scribed above and provide an improved ball spline bear-
ing assembly.

Another object of the present invention is to provide
an improved ball spline bearing assembly high in perfor-
mance, low 1in resistance, and compact in size.

A further object of the present invention is to provide
an improved ball spline bearing assembly simple and
sturdy in structure and easy to manufacture.

Other objects, advantages and novel features of the
present invention will become apparent from the fol-
lowing detailed description when considered in con-
junction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a transverse cross-sectional view showing a
ball spline bearing assembly constructed in accordance
with one embodiment of the present invention;

FIG. 2 is a fragmentary, partially cross-sectional,
longitudinal view of the ball spline bearing assembly
shown in FIG. 1;

FIG. 3 is a schematic, perspective view showing how
an endless passage 1s defined in the ball spline bearing
assembly shown in FIGS. 1 and 2;

FIGS. 4a and 4) are schematic 1llustrations showing

' part of an end member provided at each end of the outer
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cylinder in the ball spline bearing assembly shown in
FIGS. 1 and 2;

FIGS. 5a and §b_are plan views showing the upper
and lower halves, respectively, which are combined to
define the end member shown in FIGS. 4a and 4b5; and

FIGS. 6a through 6¢ are schematic illustrations
showing the structure of the ball retainer 4 provided in

the ball spline bearing assembly shown in FIGS. 1 and
2.

DESCRIPTION OF THE PREFERRED
- EMBODIMENTS

Referring now to FIG. 1, there is shown in transverse
cross section a ball spline bearing assembly which gen-
erally comprises an outer, hollow cylinder 1 which
extends longitudinally over a predetermined length and
which is provided with a plurality of outer grooves 1a,
10 on 1its internal peripheral surface. Each of the outer
grooves 1la, 1b is generally U-shaped in cross section
and extends straight in parallel with the longitudinal
axis of the cylinder 1. As explained later, although iden-
tically shaped in the illustrated embodiment, each outer
groove 1a defines part of a 1oad passage and each outer
groove 1b defines part of a return passage. In the illus-
trated embodiment, the outer grooves 1a, 1b are ar-
ranged as spaced apart one from another at a predeter-
mined pitch along the circumference of the internal
surface of the cylinder 1. Inside of the cylinder 1 ex-
tends a guide shaft 2 which is generally circular in cross
section and provided with a plurality of inner grooves
2a, 2b which extend straight in parallel with the longitu-
dinal axis and are arranged at equal angular intervals
along the outer peripheral surface of the shaft 2.

It is to be noted that each of the inner grooves 2a, 2b
is located in radial alignment with the corresponding
one of the outer grooves 1a, 15 so that a straight guide
passage is defined between paired inner and outer
grooves. In the illustrated embodiment, there are
twelve inner and outer grooves, thus twelve straight
passages are defined. It is to be also noted that, in the
illustrated embodiment, the inner grooves 24, 2b are all
generally U-shaped in structure however a set of alter-
nate inner grooves 2a¢ which define part of the load
passages as will be described later, are different in depth
from the other set of alternate inner grooves 2b which
define part of the return passages. In the illustrated
embodiment, the set of inner grooves 2a are shallower
in depth in the radial direction of the shaft 2 than the set
of inner grooves 2b. It should be noted that although
inner grooves 2a and 2b are shown to be significantly
different in depth in FIG. 1, for the purpose of the
present invention the actual difference can be very

small. A keyway 1c is also formed in the outer cylinder
1. |
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As described above, since each of the outer grooves
1a, 1b formed on the inner peripheral surface of the
outer cylinder 1 is in radial alignment with and located
opposite to the corresponding one of the plurality of the
inner grooves 2q, 2b formed on the outer peripheral
surface of the shaft 2, a straight guide passage is defined
between the corresponding pair of inner and outer
grooves. These straight guide passages extend in paral-
lel with the longitudinal center axis of the shaft 2. As
shown in FIG. 1, the present ball spline bearing assem-
bly includes a plurality of balls 3 which are fitted in the
straight guide passages defined by the paired inner and
outer grooves between the outer cylinder 1 and the
shaft 2. It should be noted that the balls 3 in the load
passages defined between the paired outer and inner
grooves 1a and 2a are in rolling contact with both the
outer and inner grooves 1a and 2a. On the other hand,
the balls 3 in the return passages defined between the
outer and inner grooves 16 and 2b are only in rolling
contact with the outer grooves 1b since inner grooves
2b are deeper than the inner grooves 2a. To hold the
balls 3 in the return path away from inner groove 25, a
ball retainer 4, tubular in shape, is fitted between the
outer cylinder 1 and the shaft 2. As described in detail
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later, the ball retainer 4 is formed with a plurality of 25

slots for receiving the balls 3 in the return passages are
slightly narrower than the diameter of the balls 3 so that
the balls 3 in the return passages are retained between
the ball retainer 4 and the outer cylinder 1.

With this structure, a rotational force may be trans-
mitted between the outer cylinder 1 and the shaft 2
through the balls 3 because they are constrained to
rotate in unison through engagement of the balls 3;
however, since the balls 3 in the load passages defined
between the paired outer and inner grooves 1la and 2a
are in rolling contact with both the outer and inner
grooves 1a and 2a which extend parallel to the longitu-
dinal axis of the shaft 2, a relative translational motion
can be provided between the outer cylinder 1 and the
shaft 2. In addition, in the present invention, since an
endless path is defined by twao. adjacent straight passages
each defined by paired outer and inner grooves, such a
relative translational motion can be provided, over the
length of the shaft 2.

FIG. 2 shows in fragmentary, transverse cross sec-
tion, the structure of an end member provided at one
end of the outer cylinder 1 for providing a connection
passage which connects one of the load passages de-
fined between paired outer and inner grooves 1z and 2a
to the corresponding adjacent return passage defined
between paired outer and inner grooves 1b and 2b.
Described more in detail, the bottom or top end of the
outer cylinder 1 is formed with an internally recessed
portion in which an end member upper half 5 and then
an end member lower half 6 are fitted, whereby the end
member upper and lower halves, when so combined,
define a connection passage for each pair of two adja-
cent load and return passages. In the illustrated embodi-
ment, since there are twelve straight guide passages, i.e.,
six load and six return passages, the end member top and
bottom halves 5 and 6 define six connection passages.
Thus, the balls 3 in the load passage move into the
connection passage defined in the end member 5-6 and
- then the balls 3 roll into the associated return passage.

As shown in FIG. 2, a steel reinforcing plate 7 is also
provided for holding the end member top and bottom
halves 5 and 6 and the ball retainer 4 in position. A seal
7a is fixedly attached to the reinforcing plate 7, and 1t
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has a portion extending downward so as to seal the
corresponding passage. A fixing member 8, in the form
of a clip, is also provided in abutment against the rein-
forcing plate 7 so that the elements 4, 5, 6 and 7 are all
fixed in position. FIG. 3 shows how a connection pas-
sage 12 is defined by a combination of the end member
top and bottom halves 5 and 6. As shown in FIG. 3, this
connection passage 12 is in communication with a load
passage 10 which is defined by a pair of opposed outer
and inner grooves 1g and 16 and also with a return
passage 11 which is defined by a pair of opposed outer
and inner grooves 2a and 2b. Another connection pas-
sage 12 is provided at the other end of the load and
return passages and thus an endless path is defined by
the load passage 10, return passage 11 and a pair of
connection passages 12 each connecting the corre-
sponding ends of the load and return passages 10 and 12.
Accordingly, the balls may roll along such an endless
path so that a relative translational motion may be pro-
vided between the outer cylinder 1 and the shaft 2. In
the illustrated embodiment, the connection path 12 i1s
inclined 30° with respect to the plane definable by the
central axes of the associated load and return passages
10 and 11. Thus, in this embodiment, the maximum
thickness of the outer cylinder 2 is determined by the
height or radial expanse of the connection passage 12.

FIGS. 4a and 40 show how the end member upper
and lower halves 5 and 6 are combined to define the
connection passage 12. As shown in FIG. 4g, the end
member upper or top half § is provided with a projec-
tion 5a which projects rearwardly generally in compli-
ance with the shape of the corresponding connection
passage 12, and similarly the end member lower or
bottom half 6 is provided with a dent 6a which is com-
plementary in shape with the associated projection Sa.
Thus, the relative position between the end member
upper and lower halves § and 6 can be easily set through
engagement between the projection 5a and the dent 6a.
FIG. 4b shows in axial cross section the structure of
each of the end member upper and lower halves § and
6. In addition, FIGS. 5z and 5b show in plan view the
end member upper and lower halves 5 and 6 when
viewed in the directions B and A indicted in FIG. 4),
respectively. Six connection passages 12 are formed
when the end member upper and lower halves S and 6
are combined and each of the connection passages 12
communicates with the two adjacent load and return
passages 10 and 11. Preferably, the end member upper
and lower halves 5 and 6 are formed from a plastic
material, such as a synthetic resin.

FIGS. 6a through 6¢c show the structure of the ball
retainer 4. As shown in FIG. 6a, the ball retainer 4 is
formed with a plurality of elongated windows 4a each
aligned with the corresponding one of the straight guide
passages including the load and return passages 10 and
11. It is to be noted that at least those windows 4¢ lo-
cated in alignment with the return passages 11 are di-
mensioned to have a width which is slightly smaller
than the diameter of the balls 3, so that the balls 3 are
constrained between the outer grooves 15 of the outer
cylinder 1 and the side edges of the associated window
4a of the ball retainer 4. On the other hand, the win-
dows 4u located in alignment with the load passages 10
may be dimensioned slightly larger than the diameter of
the balls 3, if desired, though they may also be slightly
smaller than the diameter of the balls 3 as long as the
balls 3 roll between the paired outer and inner grooves
1a and 2a. As also shown in FIGS. 6a through 6c¢, a
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tongue portion 4b 1s formed at each end of the window
4a such that the balls 3 may move smoothly between the
load or return passage 10, 11 and the connection passage
12. For this purpose, the tongue projection 4 extends
radially outwardly at an angle from the end of the win-
dow 4q.

While the above provides a full and compiete disclo-
sure of the preferred embodiments of the present inven-
tion, various modifications, alternate constructions and
equivalents may be employed without departing from
the true spirit and scope of the invention. For example,
the inner grooves 2a and 26 formed on the shaft 2 may
be made the same in depth and the outer grooves 1a and
2b formed on the outer cylinder 1 may be varied in
depth. Therefore, the above description and illustration
should not be construed as limiting the scope of the
invention, which is defined by the appended claims.

What is claimed is:

1. A ball spline bearing assembly comprising:

a shaft extending straight over a distance and pro-
vided with a plurality of straight inner grooves
formed at its outer peripheral surface;

an outer, hollow cylinder through which said shaft
extends, said cylinder including a like plurality of
straight outer grooves each located opposite to the
corresponding one of said plurality of inner
grooves thereby defining a straight guide passage
by a pair of associated inner and outer grooves;

connecting means provided at each end of said cylin-
der for connecting two adjacent, associated
straight guide passages thereby forming an endiess
guide path, said connecting means includes a ring-
shaped end member upper half and a ring-shaped
end member lower half, which are fitted into an
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connection passages each connecting a pair of asso-
ciated straight guide passages;

a plurality of balls provided to roll along said endless

guide path;
retaining means interposed between said shaft and
said cylinder as fixedly attached to said cylinder for
retaining said plurality of balls in position; and

whereby alternate ones of either of said inner or outer
grooves are deeper than the rest so that the balls
are in rolling contact with both of said inner and
outer grooves in a set of alternate ones of said
straight guide passages but the balls are in rolling
contact with either one of said inner and outer
grooves in the outer set of alternate ones of said
straight guide passages.

2. The assembly of claim 1 wherein said inner and
outer grooves are both generally U-shaped in cross
section.

3. The assembly of claim 2 wherein said retaining
means includes a tubular-shaped ball retainer which is
interposed between said shaft and said cylinder and
which is provided with a plurality of elongated win-
dows each of which is located in registry with the asso--
ciated one of said straight guide passages, whereby at
least those windows in registry with those straight
guide passages where the balls are 1n rolling contact

with only either of said inner or outer grooves have a
width which 1s shghtly smaller than the diameter of said
balls.

4. The assembly of claim 3 wherein said ball retainer
is provided with a tongue at each end of each of said
windows thereby guiding the movement of said balls
between the connection passage and the straight guide

end recess formed at each end of said cylinder, said 35 passage smoothly

upper half and lower half defining a plurality of
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